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Dr.  Joe  Mabry  Basic  R&D  -  High  performance  polymers,  POSS  Lubricants 

Mrs.  Becky  Morello  Appl.  -  LRE  ducting  tubing/insulation 


Toughness,  Lightweight  A 
Ease  of  Processing 

•Hybrid  plastics  bridge  the  differences  between  ceramics  and  polymers  5 
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Precise  three-dimensional  structure  for  molecular  level 
reinforcement  of  polymer  segments  and  coils. 


Why  POSS  and  Why  Nano? 


V  P OSS  Polymer  Incorporation 
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POSS  Blending 


•  Polymer  compatibility  vs. 
POSS/POSS  interactions 
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Bryan  Coughlin-UMass 


Coughlin  Model  for  P OSS  Polymers  Continued 
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POSS  Synthesis 


Incompletely  condensed  cages  Brown,  Feher,  AFRL,  Hybrid  Plastics 


Completely  New  Polymer  Feedstock  Technology 
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i  Importance  of  R  groups:  Affect 
'  compatibility  with  polymer  matrix 

50  Wt  %  POSS  Blends  in  2  Million  MW  PS 


Temperature  C  Andre  Lee,  AFRL 


1  Kg  weight 

10%  POSS  gave  a  28  %  improvement 
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The  above  data  (other  than  Dow’s  data)  is  an  average  of  at  least  10 

samples  for  each  test  with  acceptable  S.D.  of  5%  or  better.  Andre  Lee 
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2.5  wt%  POSS  nearly  doubles 
toughness! 


POSS  Kraton  Blends 


POSS  Blends  with  Semi-Crystalline 

Thermoplastics 
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DMA  Characterization 
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Pendent  POSS  Siloxanes 


Used  5  weight  %  P05S  rnacromers  per  PDMS  chain 


Experimental  Setup  for  Rheology 


0  -ri 
■K  '-3 
CO  0 

Q_  » 
3 

E  0 

CO  5 


o  o 

0  CD 
0  D) 

|  5 

«2 

11 
LH  ” 
<M  5 


C/>  ^ 

■-  CM 

03 

Z5  >* 

=  ° 

Q-  © 

E  =5 

0  CT 

r-  0 

=  *“ 

2  ^  tS 
CO  ■=  £ 

-J  o 

0  O)  Q 

f  c  0 

h-  0  CO 


■0  H- 

0  o 

Q-  n\ 


3  ^ 

■M  M  N 

0  O 

>—  o 
0  O 
cl  . 

E  o  .£ 

0  ■*“'  C 

o  < 
0  o'  O 

-L-  O  O 
I —  CD  CM 


T3 

<D  a) 

a  g  b 

«* .§ 

»  cd 

b  ■§  S 
^  p  s 


w  *' 

a  P 


C/3  £  O 

S?  O  ‘-S 

O  it  O 

^  II  d 

Q  CO 

43  S  * 
H  S  ci 


Andre  Lee,  AFRL 
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Temperature  C  Andre  Lee  AFRL 


Comparison  of  Three  T8-POSS  Macromers 
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Continue  this  collaboration  with  Andre  Lee  33 


POSS  Siloxane  Copolymers 
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Polymerization  of  POSS  Norbornenes 
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^  T EM  of  Random  POSS  Norbornenes 


Mather/Haddad  Model  for  POSS  Polymers 
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Gyclohexyl  Relaxation:  14.7  kcal/mol 
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Fracture  Surface  After  Uniaxial  Tensile 
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Continue  this  collaboration  with  Pat  Mather 


TPE  P OSS  Kra+on  Grafts 


•  A  new  more  reactive  POSS -hydride  developed  for  hydrosilation 
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AO  undercutting  of  LDEF  Aluminized-Kapton 
Multilayer  Insulation 


DeGroh,  K.K.,  Banks,  B.A.,  J.  Spacecraft  and  Rockets,  Vol.  31,  No.  4,  656-664  (1994) 


WPOSS  High  Performance  Polyimides 


POSS-Fluorinated  colorless  polyimide 


POSS  Kapton  Polyimides 
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L  O-Atom  etching  experiment  of  POSS-Kapton  polyimides  I 

^►^S^otal  AO  fluence  of  2.62  x  1020  atoms/cm2  (~  3  Days  in  LEO)ff 


Scanning  Length  (^m) 


f  O-Atom  Etching  Experiment  (~10  DAYS  IN  LEO) 

Total  AO  fluence  of  8.47  x  1020  atoms  cnr2  (100,000  pluses) 
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Significantly  improved  oxidation  resistance  due  to  a  rapidly  formed  ceramic 
like,  passivating  and  self-healing  silica  layer  preventing  further  degradation  of 
underlying  virgin  polymer. 


AFM  Images  of  Unexposed  P OSS 

Polyimide  Films  _ 
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AFM  Images  of  Exposed  POSS  Polyimide  Films  100,000 
Pulses  of  Hyperthermal  (5  eV)  AO  Beam 
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Erosion  of  POSS  Polyimides  by  a  Beam  of 
Hyperthermal  (5eV)  O  Atoms 
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Tri-collaborative  Effort  for  Proposed  High-Risk,  High- 
Payoff  Program  (Industry,  Academia  &  Government) 
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Industry 


Cost  Effective  Route  for  POSS- 
An\ line  Synthesis 
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Does  new  model  apply  to  other  polymer  systems? 


With  understanding  obtained  from  POSS- 
PN,  fully  characterize  high  molecular 


O 

o 


"O 

0 

0 

c 

0 

0 

E 

o 

Q_ 

6 

O 


0 

o$ 

_q  0 

O  N 
0  0 
~  0 


CO 

D_ 


0  ^ 
r-  0 


0 


0 

E 

0  ^ 
c  o 

O  CL 

■  ■■■ 


0 


O  0 

^  o  -O 

o 

0  °  +- 


0 

0 

CD 

0  c 

■JS  ^ 
0  — 

"O  ^ 

<  ll 
(—  <£ 


_  LU 

>,  h- 
O)  - 
O 

O 
0 


0 

S 

O 


>> 
0 
0  0 
0 

>*  CD 

0  2 

CL  _ 
O  0 

5-o 

£  £ 


o  = 

5  CD 

0  ^ 
Q.  Q 

O  ^ 
0 

>  CL 
0  Cl 

Q  < 


I  I  I 


Does  new  model  apply  to  other  polymer  systems? 


Develop  POSS  TPE  Model 
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Does  new  model  apply  to  other  polymer  systems? 


Blends  <&  Copolymers 
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Compare  POSS-PS  to  POSS-Kraton? 
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